The ability of Slanetz and Bartley medium to recover chlorine-stressed enterococci has been studied.
INTRODUCTION
The presence of streptococci in water has long been regarded as being indicative of contamination and, more recently, 'faecal streptococci' or members of the genus (). The results of studies in our laboratory have also suggested that some strains of enterococci may be inhibited by 0.4 g/L sodium azide. We have noticed in our use of Slanetz and Bartley medium that it is very specific and hence we were concerned that the high specificity was leading to the inhibition of some strains of Enterococcus spp. This study was undertaken to determine the inhibitory effect of sodium azide on strains of enterococci and to explain the apparent lack of sensitivity of Slanetz and Bartley medium in recovering enterococci from some water samples.
MATERIALS AND METHODS
In order to determine the effect of sodium azide concentration on the recovery of enterococci from water, five samples were then held at 2-8 W C overnight until the results of the enterococcus estimations were available. The samples that gave a greater than 2 log reduction in enterococcus concentration were then used to spike drinking water samples to give an estimated enterococcus concentration of 5-15 cfu/100 mL. After spiking, the samples of drinking water were left for 4 h to equilibrate prior to examination by the five methods described above.
Additionally, a total of 126 samples of non-disinfected sewage were cultured using Enterolert ® -DW and Slanetz and Bartley medium after dilution to achieve a target concentration of enterococci of 1-15 cfu/100 mL. Colonies demonstrating the ability to cleave aesculin were subcultured to tryptone soya broth containing 6.5% sodium chloride and incubated for 48 h at 44.5 W C. For the Enterolert ® -DW, positive wells were subcultured onto bile aesculin azide agar and incubated at 44 W C for 24 h. Those cultures that cleaved aesculin were subcultured to tryptone soya broth containing 6.5% salt and incubated as described above. Organisms that cleaved aesculin and grew in 6.5%
salt were considered to be members of the genus
Enterococcus.
In order to determine the resistance of enterococci to sodium azide, 148 strains were selected at random from isolates obtained from Enterolert ® -DW or Slanetz and Bartley containing 0.1 g/L sodium azide. These isolates were streaked to ensure purity, inoculated onto plates of Slanetz and Bartley medium containing 0.1 and 0.4% sodium azide and incubated at 37 W C for 48 h.
RESULTS
A comparison was made of five media using 122 samples of drinking water that had been spiked with low levels of chlorine-injured enterococci. The results shown in Table 1 demonstrate a clear trend in the behaviour of Slanetz and
Bartley media with increasing concentrations of sodium azide. As azide concentration increases, specificity increases and sensitivity decreases. Enterolert ® -DW, which contains no sodium azide, was the most specific of the media.
While not all Enterolert ® -DW or Chromocult isolates were 'confirmed', the confirmation rates were 95.0% and 87.1%, respectively. Only Slanetz and Bartley medium with 10 mg/L of sodium azide recovered more enterococci than Enterolert ® -DW, but the specificity was too low for this medium to be used for the routine examination of water.
A total of 148 strains of enterococci were selected at random and tested for their ability to grow in the presence of 0.1% and 0.4% sodium azide. All but two strains grew equally well on the two media. Two strains failed to grow in the presence of 0.4% sodium azide.
Since the number of strains shown to be sensitive to 0.4% sodium azide was low and could not explain the difference in recovery efficiency between the different media, a comparison was made between Slanetz and Bartley medium and Enterolert ® -DW with 126 non-chlorinated sewage samples that had been diluted to achieve a target concentration of 1-15 cfu/100 mL enterococci. The results are shown in Table 2 . There was no significant difference in the recovery of organisms using the two methods when which was designed for the detection of enterococci specifically in drinking water. In our initial tests with this medium, it appeared that this medium was much more sensitive than the original Enterolert ® medium. The choice of methods for the detection of microbes in any given sample type is usually made on a combination of sensitivity and specificity of the medium. There is often a compromise when choosing methodologies since methods that are very specific tend to be less sensitive. While a highly sensitive method is preferable, it is not a good choice if there is so much background growth that the target colonies are difficult to distinguish.
Experience gained in the routine use of Slanetz and
Bartley medium has shown that the medium is very specific and that most organisms forming colonies on the medium are confirmed as enterococci. In this study, 93.4% of organisms growing on Slanetz and Bartley medium after 48 h growth from waters spiked with chlorine-treated sewage were confirmed as enterococci. The corresponding figure for non-disinfected samples was 95.4%.
There was a significant difference between the ability of Slanetz and Bartley medium and Enterolert ® -DW to recover enterococci when chlorine-damaged organisms were used.
Analysis of the data using the procedures described in ISO 17994 showed a significant difference between the two methods at the 10% level. While the difference between the two methods was reduced when the incubation period of the Slanetz and Bartley medium was extended to 5 days, it remained significant. However, reduction in the concentration of sodium azide in the medium did increase the recovery of enterococci as shown in Table 1 . In fact, reduction of the azide concentration to 0.1% increased the sensitivity of the Slanetz and Bartley medium such that it was more sensitive than Enterolert ® -DW. However, the specificity of the medium was significantly reduced with only 37.3% of the countable organisms growing on the plates after 48 h incubation confirmed as enterococci. In fact, the specificity was considerably lower than this since with many plates the number of colonies present on the medium was too numerous to count. Increasing the concentration of azide to 0.2% reduced the sensitivity of the medium but specificity improved to 49.3%. Packer () reported that a concentration of 0.2% sodium azide was inhibitory to most Gram-negative organisms in a blood agar base but that the resistance of streptococci was reduced when a tryptose glucose agar was used. Furthermore, it was noted that there was a considerable difference in the inhibition of both streptococci and Gram-negative organisms depending on pH. Azide-containing media at a pH of 6.8
was much more selective than the same media at pH 7.4.
Slanetz and Bartley medium should be at a pH of 7.2 þ 0.2.
Slanetz and Bartley medium is widely used for the examination of drinking water and, in fact, forms the basis of the International Organization for Standardization procedure (ISO 7899-2), which specifically states that the method is particularly suitable for drinking water and swimming pool water. The results presented here suggested that Slanetz and Bartley medium may not be well suited to the examination of water containing chlorine-damaged enterococci and further work is necessary to determine whether the damage caused to the enterococci using the chlorination procedure used here reflects the damage seen in drinking water samples. It is clear from the data produced using injured and non-injured organisms that there is a difference in the ability of enterococci to grow on Slanetz and Bartley medium depending on whether the cells have been exposed to chlorine. The mechanism of sodium azide inhibiting bacterial growth is presumed to involve inhibition of the enzyme catalase but the data presented here suggest that there may be an alternative mode of action since the 
